Logistic Constraints as a Part of a Sustainable Medical Waste Management System  by Rolewicz-Kalińska, Anna
 Transportation Research Procedia  16 ( 2016 )  473 – 482 
2352-1465 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of Green Cities 2016.
doi: 10.1016/j.trpro.2016.11.044 
Available online at www.sciencedirect.com
ScienceDirect
2nd International Conference "Green Cities - Green Logistics for Greener Cities",  
2-3 March 2016, Szczecin, Poland 
Logistic constraints as a part of a sustainable Medical Waste 
Management System 
Anna Rolewicz-Kalińska* 
Warsaw University of Technology, Nowowiejska 20 str. 00-655, Warsaw, Poland 
 
Abstract 
In a Medical Waste Management System (MWMS), logistic issues have a significant importance due to medical waste 
characteristics that have an influence on transport restrictions, storage possibilities and safety reasons. This paper focuses on logistic 
determinants in a MWMS, taking into account existing legal requirements, organizational factors and economic aspects (on the 
example of Poland). Problems associated with effective logistics are essential for the quality and safety of a MWMS and these 
issues seem to be still undervalued. In Poland, there is approximately 40 thousand waste generators and each year they produce on 
average 45 thousand tons of medical waste, of which more than 90% is classified as infectious. The biggest flow comes from 
hospitals and large health care units; other sources are private medical practices, research units, hospices and pharmacies. All units 
generating medical waste must comply with strict requirements for the collection, storage and disposal, particularly with regard to 
infectious waste. In view of the above, organizational structure should include goals and constraints of MWMS in order to 
implement them in real-world conditions The framework for sustainable operation of a MWMS is efficient logistics of waste and 
balance in the link between waste generation units and treatment facilities. 
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1. Introduction 
Medical waste is any waste occurring as a result of medical services and scientific research in medicine. 
Requirements of quality and safety in medical services cause that medical waste management is an important issue, 
both in Poland and elsewhere – according to Rolewicz-Kalińska (2013) and Emmanuel et al. (2014). This is primarily 
due to the properties of medical waste which is often infectious or hazardous in other way, according to Diaz et al. 
(2008). Based on the properties and the level of risk associated with individual groups of medical waste, World Health 
Organization (WHO) divides them into seven basic categories presented in Table 1. 
     Table 1. Medical waste categories established by WHO. 
Waste category Description 
Infectious waste waste contaminated with blood and other body fluids (i.e. from discarded 
diagnostic samples), cultures and stocks of infectious agents from 
laboratory work (i.e. waste from autopsies and infected animals from 
laboratories), or waste from patients in isolation wards and equipment (i.e. 
swabs, bandages and disposable medical devices) 
Pathological waste human tissues, organs or fluids, body parts and contaminated animal 
carcasses 
Sharps syringes, needles, disposable scalpels and blades, etc. 
Chemicals for example solvents used for laboratory preparations, disinfectants, and 
heavy metals contained in medical devices (i.e. mercury in broken 
thermometers) and batteries 
Pharmaceuticals expired, unused and contaminated drugs and vaccines 
Genotoxic waste highly hazardous, mutagenic, teratogenic or carcinogenic, such as cytotoxic 
drugs used in cancer treatment and their metabolites 
Radioactive waste such as products contaminated by radionuclides including radioactive 
diagnostic material or radio therapeutic materials; and non-hazardous or 
general waste: waste that does not pose any particular biological, chemical, 
radioactive or physical hazard 
Source: Emmanuel et al. (2014) 
 
The division presented in Table 1 translates into detailed rules of handling medical waste, and thus to the logistics 
in a Medical Waste Management System (MWMS) according to Chartier et al. (2013) or Fu (2015). According to 
Miyazaki et al. (2007) or Hossain et al. (2011), the most important factors in medical waste treatment chain are: 
 
x collection system in the generation site (i.e. segregation system, types of containers/bags),  
x time and temperature of temporary storage (generation site),  
x transport requirements (i.e. vehicles, containers for transport, maximum transport time, transport distance),  
x storage conditions (disposal site), 
x approved disposal method. 
 
Rules for handling medical waste are regulated at the national level in individual European Union member states, 
therefore the handling requirements are different in each country. Legislation and physico-chemical properties of 
medical waste create the framework within which a MWMS can operate, including issues related to the logistics of 
medical waste by Hossain et al. (2010) or Windfeld and Brooks (2015). Referring to Chertier et al. (2013), Walery 
(2013) and Zhao et al. (2016), in the context of medical waste logistics the issues of particular importance are those 
related to transport capabilities (distance, frequency of transport, acceptable means of transport, costs) and disposal 
possibilities/conditions (treatment methods, location of recipients of medical waste, costs). This article discusses them 
as general constraints related to the logistics of medical waste, which are referred to the situation in Poland. 
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2. Materials and methods 
2.1. System approach to medical waste management 
The traditional approach to waste management assumes that the following processes in a waste management chain 
are independent from one another, but in fact generation, collection, transport, storage and final treatment of waste are 
very closely linked, and each of these processes may affect another according to Seadon (2010). Seadon (2010) also 
indicates that planning for these operations requires a balance between the subsystems of manufacturing, transport 
systems, land use patterns, urban growth and development, and public health considerations. With this in mind and 
referring to Eberle et al. (2009), MWMS analysis should be conducted, distinguishing the individual stages of waste 
handling and taking into account both internal interactions and those occurring with external elements. 
A starting point for further analysis is to determine the main objective of the MWMS. Nevertheless, due to the 
organizational and legal relationships within the MWMS and external relationships with the health care system, waste 
management system and public finance system (Fig. 1.) we can distinguish not just one, but the set of objectives. 
Fig. 1. System interactions in MWMS including interactions with external systems 
 
Key objectives identified for MWMS are defined below: 
x Ensuring the quality and safety of medical services – MWMS is subjected to the health care system, the 
fundamental task of which is providing medical services to people, thus this principle applies to MWMS and all 
the other objectives should be first evaluated for their impact on quality and safety of the healthcare system – 
according to Wandrasz (2000) and Grose et al. (2012). The quality of medical services should also include ethical 
aspects; in case of medical waste it is due to pathological waste, which contain i.e. human body parts; according 
to the rules of bioethics of the International Committee of the Red Cross (2011), human body and its elements 
treated as an integral part of human being, require the maintenance of subjectivity and dignity at all stages of 
their handling.  
x Proper collection and transport of waste - MWMS should ensure a safe and environmentally sound collection 
and transport of medical waste. Waste collection includes proper segregation, method of collecting 
(i.e. containers, bags), temporary storage conditions and the conditions of internal transport. A very important 
part of the collection stage is to preserve the waste hierarchy, in particular to prevent waste generation 
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(Emmanuel et al., 2014). In the case of medical waste, reducing its quantity is difficult to achieve; mainly 
because of the way of providing medical services and safety measures (primary objective in a MWMS). 
Therefore, it is essential to implement effective waste segregation and procurement policies in health care (i.e.. 
avoiding expiration of chemicals/drugs, purchasing products in bulk packs, etc.) according to Chertier et al. 
(2013). With regard to the external transport, logistics should be organized in a way that optimizes costs and 
minimizes risks associated with transport of medical waste, referring to Chertier et al. (2013) and International 
Committee of the Red Cross (2011). 
x Disposal of medical waste that ensures the best possible manner for the final treatment of waste generated 
in terms of environmental issues (i.e. waste hierarchy, emissions), reducing risks to humans and economic 
viability. The essence of the disposal process is to bring waste to a state that does not pose a threat to the life and 
health of people and the environment (Hossain et al., 2011 and Chertier et al., 2013). 
x Optimizing system costs  – a MWMS has to keep an economic balance; this means in practice that the prices of 
individual services/goods need to be adjusted to client capabilities (in this case health care sector) - only in this 
case it is possible to maintain the sufficient quality of waste handling practices (Lee et al., 2004 and Walery, 
2011). 
 
In Fig. 2, MWMS objectives have been arranged in order of importance, which results from the potential losses 
related to failure to achieve specific goals in a MWMS, as indicated in Winfeld and Brooks (2015) or Makajic-Nikolic 
(2016). 
 
Fig. 2. Hierarchy of objectives in MWMS 
Described above are the overall objectives for MWMS, but nevertheless taking into account dependencies on Fig. 1, 
in each country may be specific objectives due to national legislation. 
2.2. MWMS in Poland 
Recent official data on the amount of medical waste generated in Poland come from the audit of the Supreme Audit 
Office (2014) and according to them in 2013 41.1 k tons of medical waste was produced, of which more than 
92% was qualified as infectious. The average generation rate of medical waste and infectious medical waste in years 
2002–20113, which is a typical measure for waste generation as indicated in Wandrasz (2000) or Maamari et al. (2015) 
amounts to 0.83 kg per bed per day for general medical waste and 0.70 kg per bed per day for infectious waste (in 
2013 generation rates were respectively 0.89 and 0.82 kg per bed per day).  
Medical waste management in Poland is subject to national laws - the Act on waste (applies to all types of waste) 
and detailed regulations (mainly under the supervision of the Ministry of Health) regarding to the detailed treatment 
of medical waste as stated in the Act on waste (2012). Under the Act on waste, the only method permitted for disposal 
of infectious medical waste is thermal treatment in hazardous waste incineration plants, which now include ca. 
40 facilities (distributed all over the country), according to the data presented by the Supreme Audit Office (2014). 
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In addition, the same law requires disposal of medical waste in the same voivodeship (province) in which it was 
generated (proximity principle).  
Fig. 3 presents the quantity of medical waste generated in 2010 in each voivodeship and the capacity of disposal 
facilities available therein. These values are generally incompatible, indicating a significant logistics problem in 
MWMS in Poland, particularly in the context of proximity principle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
Fig. 3. Capacities of medical waste incineration plants vs quantity generated by voivodeship in 2010 (based on data obtained from the Chief 
Inspectorate of  Environmental Protection) 
Medical waste in Poland is produced in about 40 k health care units, according to the Supreme Audit Office (2014), 
with the largest share held by hospitals, maintaining the total of over 187 k beds, according to the Central Statistical 
Office (2014). The largest concentration of medical waste generation sources is in heavily urbanized areas, of which 
nearly 20% account for the four largest cities in Poland (Fig. 4). This distribution indicates the two types of areas 
within the MWMS - highly urbanized areas with a high density of health care units (including large hospitals) and 
smaller cities with single units generating medical waste. A separate issue is the generation of medical waste in private 
surgeries (i.e. dental surgeries), where there is a problem of many dispersed sources generating small quantities 
of waste (Pieloch-Babiarz, 2014). 
As already mentioned, the rules for handling medical waste in Poland are defined in detail in the national 
regulations; in particular in the Regulation of the Minister of Health of 30 July 2010 on the detailed procedures of 
handling medical waste (2010) and the Regulation of the Minister of Health of 23 December 2002 on permissible 
methods and conditions for the disposal of medical and veterinary waste (2003.). Selected parts of these regulations 
are presented in Table 2; it presents types of medical waste - according to the classification from the Regulation of the 
Minister for the Environment on waste catalog (2014), practical examples of medical waste, procedures for collecting 
individual types of medical waste and rules on the temporary waste storage. An important conclusion from the analysis 
of Table 2 is that infectious waste, especially pathological waste, has significant limitations with regard to storage 
conditions (temperature, holding time) compared to other (non-infectious) medical waste. The rules provided in Table 
2 and the other requirements resulting from the Regulations of the Minister of Health determine the legal framework 
for the logistics of  medical waste in Poland.  
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Fig. 4. Share of medical waste generated in the largest Polish cities in 2002-2012 (own work based on data from the Central Statistical Office 
database) 
Table 2. Medical waste collection rules (own work based on the Regulation of the Minister of Health of 30 July 2010 on the 
detailed procedures of handling medical waste 2010) 
Waste code Example of waste Type of bag/container Common rules 
18 01 02*,  
18 01 03*, 
18 01 82* 
Waste suspected to have been in 
contact with potentially infectious 
agents: cultures and cultures from 
the laboratories, biological 
preparations, active vaccine, used 
dressings, pads, aprons and 
protective clothing, packaging, 
fluids. 
Disposal bags from 
polyethylene film, red, 
opaque, durable, resistant 
to moisture and chemicals, 
with non-resealable 
closure. 
Single-use bags are placed on racks or 
in rigid containers. 
Containers or bags filled to 2/3 of 
their volume to allow secure closure. 
It is unacceptable to open containers 
or bags once closed - single use only. 
Each bag /container should have a 
visible sign, taking into account: 
waste code, address of the 
manufacturer, the date of closure.  
Storage of medical waste code 18 01 
02 * may only take place at 
temperatures up to 10°C and storage 
time can’t exceed 72 hours.  
Storage of medical waste coded 18 01  
03 * 18 01 06 * 18 01 08 *, 18 01 10*, 
18 01 10 * and 82* at a temperature 
from 10°C to 18°C may be as long as 
possible, consistent with their 
properties, but not longer than 72 
hours, and at a temperature of 10°C - 
not more than 30 days.  
Medical waste coded 18 01 01, 18 01 
04, 18 01 07, 18 01 09 and 18 01 81 
can be stored for as long as possible 
consistent with their properties, but 
not longer than 30 days. 
18 01 06*,  
18 01 08*, 
18 01 10* 
Drugs and pharmaceuticals used in 
cancer treatments, 
immunosuppressive therapy and 
other treatments, packaging 
contaminated with these 
pharmaceuticals. 
Chemicals used in laboratories, 
disinfectants with hazardous 
properties. 
Dental amalgam waste. 
Disposal bags from 
polyethylene, yellow, 
opaque, durable, resistant 
to moisture and chemicals, 
with non-resealable 
closure. 
18 01 01,  
18 01 04, 
18 01 07,  
18 01 09 
Overdue, discarded, or consumed 
drugs and pharmaceuticals. 
Chemicals used in laboratories, 
disinfectants with no hazardous 
properties. 
Reusable containers or 
disposable bags from 
polyethylene film,  color 
other than yellow and red, 
durable, resistant to 
moisture and chemicals 
Sharps Worn glass or sharp tools used in 
health care and laboratory tests such 
as scalpels, needles, surgical 
instruments, pipettes, glassware. 
Single-use, stiff, moisture 
resistant, mechanically 
resistant to puncture or cut 
* hazardous waste,   
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2.3. Logistics determinants in MWMS 
In classical waste management usually there is used the concept of reverse logistics according to 
Merkisz- Guranowska (2010) or Grabara (2014) which involves the creation of added value in the opposite direction 
in relation to the original of flow in logistics processes by Ahluwalia and Nema (2006) or Xia et al. (2011). In the 
concept of sustainable waste management reverse logistics should be focused on the recovery and recycling processes 
which allow for the return of processed waste for recirculation referring to Ferri et al (2015). Most significant element 
of effective logistics, including reverse logistics, is control and optimization of the supply chain; which is the basis 
for the identification of individual processes and services in the analyzed logistics system by Vrijhoef and Koskela 
(2000). 
The structure of the supply chain in case of  MWMS is strictly dependent on the composition of the waste stream, 
and available processing methods (disposal/recovery) of these waste. A substantial element of the chain structure 
is the distribution of waste generation sites (location and quantity of waste produced) in comparison with available 
capacity of waste disposal/recovery facilities. Fig. 5 illustrates the configuration of the supply chain in MWMS with 
the distinction between hazardous and non-hazardous waste stream; these waste types go through different treatment 
processes in the network due to the safety requirements. 
Fig. 5. Generic configuration of a supply chain in MWMS 
In the MWMS, we can distinguish three basic groups of elements taking an active part in the supply chain: waste 
generators, transport companies and entities involved in the processing of medical waste (disposal, recovery 
or recycling). It often happens, however, that the companies engaged in waste processing also have their own transport 
fleet. Therefore, we can introduce a fundamental division into two groups: suppliers and customers. The determinant 
of the balance in the supply chain is the cooperation between a customer and a supplier (Cooper et al., 1993); in 
particular the efficient material flow and mutual benefits (a win-win relationship) (Ai-Chin et al., 2010). In the case 
of a waste management system, this relationship can be considered in two variants: the waste generator is a supplier 
and the disposing company is a customer (reverse logistics system, the waste is a full-fledged merchandise) or the 
waste generator is a customer and the disposing company is a supplier (waste not suitable for further use: recycling, 
in this case the merchandise is the disposal service); in the case of infectious medical waste it is the second variant. If 
a stream of hazardous waste without recycling potential is dominant, it limits the creation of reverse logistics and 
benefits associated with it. The main issue is the lack of financial gain in the process of waste disposing, which makes 
it considerably difficult to maintain economic viability in the network. Another significant problem is the ability to 
use methods of waste treatment in line with the waste hierarchy according to the Act on waste (2014), whereby waste 
disposal is the least desirable waste treatment method (compared to recovery and recycling). Given the above, it is 
essential to introduce integrated logistics in waste management at all stages of waste handling – from segregation at a 
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generation site to final disposal. According to the research results presented by Grabara and Dima (2014), the main 
determinants of integrated logistics in waste management system are:  
x the number, nature and spatial distribution of waste, 
x degree, regularity and dynamics of waste generation,  
x adopted rules for implementation of environmental protection,  
x urban spatial factors: the structure and shape of the region's settlement network, the possibility of the system 
objects location, traffic routes, the spatial structure of economic activity, etc.,  
In the case of medical waste, due to their properties and with reference to legal regulations in Poland, the 
determinants mentioned above for MWMS analyzed in the Polish conditions should be supplemented by additional 
factors, such as: 
x waste storage conditions (time, temperature), 
x availability of waste disposal sites, 
x adopted rules of operation with biohazard materials. 
3. Logistic constraints analysis 
3.1. Limitations of MWMS in Poland 
Analyzing the logistics determinants described in section 2.3 and referring them to the organizational and legal 
conditions in Poland as well as to defined objectives (Fig. 2), we can identify key limitations to sustainable operation 
of MWMS. Table 3 presents logistic constrains resulting from the current state of MWMS in Poland, including in 
particular the following factors: 
x the dominance of infectious waste in general medical waste, 
x distribution of disposal capacity in relation to the generation sources in voivodeships, 
x legal requirement of the proximity principle, 
x regularity and dynamics of waste generation, 
x existing storage and transport requirements, 
x costs of waste management. 
 
These factors may accumulate as well as generate contradictions, and consequently form limitations to achieve the 
objectives of MWMS and generally its sustainable operation. The most significant impact on all stages of waste 
management seems to be the matter of the dominant share of infectious waste in all medical waste stream. This factor 
has also an essential impact on accomplishment of objectives of MWMS (Fig. 2). 
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Table 3. Logistic constraints of MWMS in Poland (own work) 
Stage of 
waste 
handling 
Medical waste 
operation 
Objective Limitation 
W
as
te
 g
en
er
at
io
n 
si
te
 
Collection 
Preservation of the waste hierarchy The majority of the medical waste is infectious and according to 
the law in Poland can only be disposed of in a hazardous waste 
incineration plants 
Maintaining economic viability The legal requirements related to the collection of medical waste 
(in particular infectious waste) i.e. limited storage time. As a result, 
more frequent waste collection, greater consumption of bags / 
containers, the need to maintain proper temperature in the storage 
facilities. 
Regularity and dynamics of the waste generation: dispersion of 
small generators of medical waste (i.e. private practices) as well as 
the mentioned legal requirements related to the collection are 
causing the need to pick up for disposal even very small quantities 
of medical waste (the problem of collecting a transport load) 
T
ra
ns
po
rt
 
External 
transport 
Save and economically viable 
transport from generation site to 
disposal site 
Limitations are associated with the temporary storage that 
necessitates more frequent shipments, problems with respecting the 
proximity principle (unequal distribution of capacities for 
processing medical waste in the regions of Poland). 
Uneven distribution of generation sources. 
W
as
te
 tr
ea
tm
en
t  
si
te
 Disposal 
 
Treatment of medical waste in line 
with the waste hierarchy and in a 
manner that is safe for humans. 
Maintaining economic viability. 
Infectious medical waste cannot be destined for recovery and 
recycling, one variant of the process is burning them in hazardous 
waste incineration plants.  
Infectious waste must be disposed of along with the proximity 
principle, but in Poland there is unequal distribution of disposal 
capacities in relation to the sources of generation. 
Disposal operation does not give a chance for return of processed 
waste for recirculation - this arrangement cannot create reverse 
logistics, understood as a system in which waste entails 
commercial value 
 
4. Conclusions 
Analysis of the logistic constraints in MWMS described in this article identifies a number of practical factors that 
substantially influence the way and efficiency of medical waste logistics. Referring to the organizational conditions 
and legal framework in Poland, there are some major limitations disturbing the sustainability of MWMS. The most 
important of them is the problem of medical waste segregation at source. The data indicating that more than 90% 
of generated medical waste is infectious, is divergent from WHO by Emmanuel et al. (2014) data which indicate that 
infectious waste represents approximately 15-20% of all medical waste. The reason for this may be two scenarios: 
non-infectious medical waste is wrongly classified as infectious or the same waste is classified as municipal waste. In 
both cases, the consequences for MWMS are negative and pose problems for the sustainable operation of the system, 
including missing the waste hierarchy, creating the risk for people (e.g. medical waste in the municipal waste stream, 
improper containers) or generating redundant costs (e.g. owing to the requirements of storage, transport and disposal). 
In addition, classification of most of the stream of medical waste as infectious, inhibits the formation of reverse 
logistics in MWMS. Another important issue is the distribution of disposal capacities in relation to the generation 
sources in voivodeships in the context of the existing proximity principle. In conditions which currently exist in 
Poland, there is no possibility to fully respect the proximity principle, as for example in Mazowieckie voivodeship, 
where most of medical waste is produced, there is virtually no capacity for its disposal (Fig. 3). 
In summary, the greatest potential for change in MWMS logistics is associated with improvement of waste 
segregation at generation sites and in activities designed to restore the balance between the amount of waste generated 
and the capacity for disposal of this waste. 
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